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ABSTRACT

An investigation of the Trade Wind Duct was carried out from 6 March
through 25 March 1969 in the Northern part of the Caribbean Sea. An in-
strumented aircraft was used to record meteorological and radio refractivity
data in digitized format for computer analysis. In addition, extensive radio-
sonde data was included in the analysis to support the aircraft measurements
and provide a basis for weather analysis. In order to assimilate, process
and present such a large amount of data it was imperative that. machine pro-
cessing be used. The following report describes the various programs
which were used in the analysis and presentation of the data. A ray-tracing
program was also developed to analyze radio wave propagation in relation to
Trade Wind Duct characteristics. This program has the advantage that
horizontal changes in the Duct can be included. Most ray-tracing programs
assume that the vertical variation of refractivity is spherically stratified.
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SECTION I
INTRODUCTION

This report describes the computer programs that were used in pro-
cessing the data collected for this contract.

A brief summary of this processing is as follows:

PAPTOMAG: Converts aircraft paper tape to magnetic tape.

QUACK:' Pre-processes radiosonde data.

RAWCON: Processes output of PAPTOMAG. Converts this to
atmospheric profiles.

PLOT: Plots atmospheric profiles. Use output of QUACK
RAWCON.

TRACE: Performs ray-tracing and produces plots.

All the above except PAPTOMAG are written primarily in FORTRAN
IV and run on an IBM 7094. PAPTOMAG is written in assembly language for
an SDS-930. QUACK and RAWCON contain small input and utility routines
written in assembly language. PLOT and TRACE make use of assembly
language routines to produce plotting tapes for a Stromberg-Carlson 4020.

PAPTOMAG, PLOT, and TRACE were written specifically for this
project. RAWCON is a modification of a program originally written at
MITRE Corporation for an IBM 7030. QUACK was supplied by the sponsor.







SECTION II
PAPTOMAG

This program converts the paper tape containing the airplane measure-
ments to 7-track magnetic tape. It is written in assembly language for an
SDS-930 equipped with a paper tape reader and tape drive on the W buffer.

The program takes three 8-bit characters from the paper tape and writes
them as four 6-bit characters on the tape. The end of the paper tape roll is
indicated by five consecutive blank frames. Records on magnetic tape are
1524 characters long. (The last record of a roll may be short.)

The program is organized to put multiple rolls of paper tape on a
single magnetic tape. The paper tapes are organized as missions. Several
rolls may make up a mission. The missions may be put on the proper tape
in any order, but all rolls from a single mission must be put on together and
in order. The output tape is on Unit 1.

At various times in the processing, the program will type messages
and wait for a response. The only valid responses are Y or N followed by a
carriage return. If any other response is given the program will request the
response be re-entered.

The following are the messages and appropriate responses.

IS THIS A NEW MAG TAPE.

This message is always typed at the beginning of each program.

Responses:
Y The program should start at the beginning of the magnetic
tape.
N Missions have been put on the magnetic tape previously. The

program will skip to the end of the last mission already on the
magnetic tape.

ARE THERE MORE ROLLS FOR THIS MISSION.
ARE THERE MORE MISSIONS FOR THIS MAGNETIC TAPE.

ARE THERE MORE MAGNETIC TAPES.




END OF MAGNETIC TAPE. RESTART LAST MISSION .

No response is needed to this message. Since all rolls of a single
mission must be on the same tape, this message is typed when an end of
magnetic tape is found. The operator should restart the first roll of the
mission currently being converted after readying a new tape 1.

The program will print what is being put on magnetic tape unless

sense switch 2 is set. For normal processing, therefore, this sense switch
should be set.

Since no identification appears on the tape, it is very important that
an accurate record be kept of which paper tapes have been converted.

In case of trouble, the following is relevant for repositioning. There
is 1 EOF between each roll of a mission; 2 EOFs between each mission;
3 EOFs at the end of a tape.




SECTION III
QUACK

The purpose of the program "QUACK!'" is to read and find tropospheric
ducts from the B4 hydro tapes, obtained from the Environmental Tactical Air
Command (ETAC), located at the Washington Naval Yard. These tapes con-
tain worldwide radiosonde and pilot balloon soundings and aircraft information.

The decks and relative location in the program "QUACK!' and a short
explanation of their purpose are as follows:

A, WORK
B QT

C. HGT

D. INDX
E. DECOD
&, HELP
G. PR

Reads the B4 hydro tape and converts the data
into a useable form. It also compiles statistical
information concerning the soundings for all
stations for each month.

Calculates the characteristics of tropospheric
ducts. If a duct exists the program outputs the
location, time, height, thickness, and re-
fractivity gradient of the duct.

Given two readings of pressure, temperature,
and dew point, calculates the height difference
between these levels.

Given the pressure, temperature, and dew
point, calculates the refractivity.

Unpacks each word of an array into six words
each containing one character.

Reads a variable length record until it finds a
record mark or until it reads a maximum of
315 words. It counts the number of words read
and flags it. Finds an end of file.

Flags appropriate counters when examining the
pressure levels of a sounding for a given station.
The counters are for first pressure LT 850,
mandatory levels only, mandatory and significant
levels, and mandatory levels and surface pressure.




3.1 Input

The program uses units B(l) and B(2) for input tape units. The pro-
gram initially uses unit B(1), and if the operator desires to use another in-
put tape, through proper use of the sense switches, the program will then use
unit B(2). If other input tapes are desired, the program then transfers be-
tween unit B(1) and B(2). The format of the input data (the B4 hydro tape)
follows:

A. CONTENTS AND FORMAT OF UPPER AIR DATA ON B4
HYDRO TAPE

(1) UNC LASSIFIED

(2) BCD MODE

(3) 800 BPI DENSITY, IN UNPACKED FORM

(4) BLOCKED ONE REPORT PER PHYSICAL RECORD.

LOGICAL RECORDS CONSIST OF 20 DATA WORDS
PLUS A 606060606072 WORD, PSEUDO RECORD MARK

(5) ALL NUMERIC WORDS ARE RIGHT ADJUSTED WITH
LEAD BLANKS

(6) THE WORD "PIBAL" REFERS TO ANY REPORT CON-
TAINING ONLY WIND INFORMATION

(7) DATA ALTERED DURING CHECKING ARE FLAGGED
ACCORDINGLY.

(A) RAOB HEIGHTS OR TEMPERATURES (FLAG
LEFT ADJUSTED)
R = RECOMPUTED DATA
E = EXTRAPOLATED DATA

(B) WINDS, WHEN INCONSISTENT, ARE REMOVED

AND A "D" REPLACES THE DIRECTION
(RIGHT ADJUSTED).

(8) ALL DATA IN ALPHA-NUMERIC FORMAT




TIME RECORD CONTAINS FOUR WORDS AND IS THE FIRST
RECORD ON THE TAPE.

(1) HOUR - BASIC DATA TIME

(2) DAY - DAY OF MONTH

(3) MONTH - NUMERICAL VALUE (1 JAN)
(4) YEAR - LAST TWO DIGITS (66 = 1966)

NOTE. A "$" INDICATES A BLANK CHARACTER

IDENTIFICATION. IN EACH RECORD, EXCEPT TIME
RECORD, THE FIRST 8 DATA WORDS ARE USED TO IDENTIFY
THE REPORT BY TYPE, TIME, AND LOCATION.

(1) TYPE OF REPORT - RAOB$$, PIBAL$S$, AGFT$$
(2) BLOCK AND STATION

(A) 00000 IF ROVING SHIP

(B) NAME IF PERMANENT SHIP (4YA)

(C)  IIII FOR LAND STATION

(D) 00000 AIRCRAFT WITH NON-SPOT WIND, 77

AIRCRAFT WITH SPOT WIND.

(3) TIME - HOUR

(4) DAY - DAY OF MONTH

(5) MONTH - NUMERICAL (1 JAN)

(6) LATITUDE - IN HUNDREDTHS OF DEGREES (NO

DECIMAL POINT)

(7) LONGITUDE - IN HUNDREDTHS OF DEGREES (NO
DECIMAL POINT)

(8) ELEVATION - WHOLE METERS (0 FOR ROVING
SHIPS AND AIRCRAFT)




DATA FORMAT

(1)

RAOBS - 6 WORDS DESCRIBE EACH POINT OF A
SOUNDING. ALL POINTS (SIG AND MANDATORY)
ARE IN LOGICAL DESCENDING PRESSURE ORDER.
THE SIX WORD FORMAT IS REPEATED AS MANY
TIMES AS NEEDED FOR THE COMPLETE REPORT.

(A) PRESSURE - WHOLE NUMBERS
(B) HEIGHT - TENS OF FEET (0 IS SIG POINT)
(C) TEMPERATURE - SIGNED TO TENTHS OF

DEGREE WITH DECIMAL POINT

(D) DEW POINT - SIGNED TO TENTHS OF DEGREE
WITH DECIMAL POINT

(E) WIND DIRECTION - TO TENS OF DEGREE
(0 IS SIG POINT)

(F) WIND SPEED - TO WHOLE KNOTS (0 IS SIG
POINT)

(G) AFTER THE LAST POINT OF THE RAOB COMES
THE TROP INFORMATION IN A FOUR WORD
FORMAT

((1)) TROP $$ - IDENTIFIER
((2)) TROP PRESSURE - WHOLE MB'S
((3)) TROP HEIGHT - TENS OF FEET

((4)) TROP TEMPERATURE - TENTHS OF
DEGREE WITH DECIMAL POINT

(H) NEXT IS SF (PRESSURE IN A TWO WORD
FORMAT).
((1)) SPRESR - IDENTIFIER

((2)) SFC PRESSURE - WHOLE MB'S




(2)

(1) AND LAST IS MAXIMUM WIND INFORMATION
IN A FOUR WORD FORMAT. (ONLY WINDS AT
OR BELOW 44000 FEET ARE CONSIDERED. )
((1)) MAXWIND - IDENTIFIER
((2)) HEIGHT - TENS OF FEET
((3)) WIND DIRECTION - TO TENS OF DEGREE

((4)) WIND SPEED - TO WHOLE KNOTS

(J) WORDS 2, 3, AND 4 WILL BE 0 (ZERO) IF NO
WINDS BELOW 44000.

PIBALS. NEXT 26 WORDS FOLLOWING I.D. IN-
FORMATION ARE WINDS FOR THE 13 STANDARD
LEVELS (1000, 850, 700, 500, 300, 250, 200, 150,
100, 050, 030, 010) TWO WORDS PER LEVEL.

(A) WIND DIRECTION - TENS OF DEGREES

(B) WIND SPEED - WHOLE KNOTS

AFTER THE STANDARD LEVEL WINDS ARE THE
WORDS $TOTAL $PIBAL. FOLLOWING THIS IS A
COMPLETE LIST OF ALL THE PIBAL WINDS IN A
TWO WORD FORMAT REPEATED AS MANY TIMES
AS NEEDED FOR THE COMPLETE RUN.

(A) HEIGHT - IN THOUSANDS OF FEET

(B) WIND - DIRECTION AND SPEED -($DD$FF)

((1)) LEFT 3 CHARACTERS - WIND
DIRECTION IN TENS OF DEGREES

((2)) RIGHT 3 CHARACTERS - SPEED IN
WHOLE KNOTS

ACFT. WORDS AFTER I.D. AS FOLLOWS:

(A) PRESSURE LEVEL - WHOLE MB'S




(B)

(C)

(D)
(E)
(F)

(G)

(H)

(1)

HEIGHT OF STANDARD LEVEL - TENS OF
FEET (FROM RECCO ONLY)

TEMPERATURE - TO TENTHS OF DEGREE
WITH DECIMAL POINT (FROM RECCO ONLY)

WIND DIRECTION - TENS OF DEGREES
WIND SPEED - KNOTS
TRUE ALTITUDE - HUNDREDS OF FEET

ICING - $000RT
R = RATE OF ICING
T = TYPE OF ICING

I

FLIGHT CONDITION AND TURBULENCE -
$OWFCBK

W = WEATHER

F = FLIGHT CONDITION

B = TURBULENCE INTENSITY

K = CHARACTER OF TURBULENCE
PARAMETER REPORTED IN WORDS SEVEN
AND EIGHT ARE CONVERTED TO RECCO
CODE UNITS WITH EXCEPTION W - 3 DE-
NOTES BROKEN CLOUD COVER

CLOUDS (LOWEST LAYER REPORTED $NBBTT)
N = AMOUNT OF CLOUDS

BB = BASES
TT = TOPS
WORDS 10, 11, AND 12 (SAME FORMAT AS 9)

WILL BE USED AS NEEDED TO DESCRIBE
MULTIPLE LAYERS.

10




IF 5 OR MORE LAYERS ARE REPORTED WORD
12 WILL BE THE HIGHEST LEVEL REPORTED.
IN WORD 7 THROUGH 12 THE "=" SYMBOL
WILL DENOTE A MISSING ELEMENT,

E, SEQUENCE OF REPORTS

(1) ROVING SHIPS (BLOCK AND STATION = 0) BY LATI-
TUDE AND LONGITUDE.

(2) PERMANENT SHIPS BY NAME (4YA, 4YB, ETC.)
(3) LAND STATION BY BLOCK AND STATION NUMBER.
WHEN A STATION HAS BOTH A RAOB AND PIBAL
THE RAOB PRECEDES THE PIBAL,
(4) AIRCRAFT REPORTS BY LATITUDE AND LONGITUDE.
32 OutBut

There are several outputs produced by QUACK. Only one of them was
used in this project.

For each launch processed, three logical binary records are produced
on FORTRAN UNIT 11.

RECORD 1. Nine (six-character) words.

Words 1 - 7 are station number, latitude, longitude, station elevation,
launch hour, launch day, and launch month. The words are BCD right ad-
justed with leading blanks. Words 8 - 9 are binary integers which describe
the second record.

RECORD 2. 2000 words.

This record contains a 4 x 500 floating point array: each row of four
numbers contains temperature (° C), dew point (° C), height (m), refractivity
(M units).

Word 8 of record 1 is the row number of the first row of the array
containing valid information. Word 9 of record 1 is the row number of the

last row of the array containing valid information.

RECORD 3 is not relevant.

11




12



SECTION IV
RAWCON

The index of refraction at a point in the atmosphere may be obtained
directly by taking a refractometer reading at that point, or it may be com-
puted indirectly from the temperature, pressure, and humidity values.

The primary function of the program RAWCON is to accept refracto-
meter and atmospheric data from airborne observations and to compute the
refractivity from this information. The principal output is then the re-
fractivity as a function of the altitude. The program also produces such out-
put as potential temperature, potential index, vapor pressure, and mixing
ratio. It produces both a printed listing and secondary output which can be
used for further processing.

The program provides the user with the choice of computing re-
fractivity by either the direct or the indirect method. An option for producing
output on punched cards is also provided. The program accepts atmospheric
input data through magnetic tape. Any information punched onto paper tape
must be converted to magnetic tape before it can be used by RAWCON.

This program is based entirely on a program written at MITRE
Corporation. This program is described in MITRE working paper 919",
This description is largely a reproduction of this working paper. Sections
which have not been changed are indicated by an * after the section title.

4.1 Computations

4.1.1 Basic Computations*

Rather than computing the index of refraction, n, this program will
deal with the refractivity, N, which is defined by

N=(n-1)10°

1. Beebe, Otto W., "REFCOL, A Data Reduction Program for the Genera-
tion of Refractivity Profiles, " Mitre Corporation WP919, 9 November 1966.
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The relation between the refractivity, N, and the various atmospheric
parameters is given by

77.6,_1—? +3.73 x 10° =% (1)

N T

where T = Temperature in ° K.
P = Pressure in millibars.
e = Partial pressure of water vapor in millibars.
Suppose that, for the 'direct' refractometer calculation, the variation
of frequency with respect to refractivity is 9,245 kc/N. Suppose further that:
hg = Initial height.

F, = Reference frequency at ho.

Ng Reference refractivity corresponding to Fg.

F

Frequency observed at height h.

Then the difference in refractivity (AN) between height hg and height
h is given by

F -F
E e 4
R 9. 245

Refractivity at height h is then:
N = Ng - AN (2)
From (1) and (2) the vapor pressure e can be computed by

T? (N - 77.6%)
3.73 x 10°

e =

The mixing ratio, r, is defined by

r__.62197e
TP -e

14




The geopotential height (Z) is computed by the following formulas:
P
Z‘l = ho

Zyn = Zyxn

' R 27
AZps = Al (1 + Rk +“kAH)

A

e €+ 1n P
W,y = 14. 645 [T (1 +0.388 J) 4T (1 +0.388 )] (—L)
k41 k Py L Pi Pry

L for k=1, 2, 3, .....

]

where hg Beginning height.

Py, =Pressure (mb) for k'th reading.

Ty = Temperature (° K) for k'th reading.
e = Vapor pressure (mb) for k'th reading.
A = Length of semi-major axis (km).

R = Length of semi-minor axis (km).

The potential temperature, Tp, is given by:

2/7
1000
TP = 98 (—P—) - 273.16

The potential index K is given by:

1000
<< (1900)

0, 714

4.1.2 Input and Corrections*

All parameters which are received from magnetic tape are converted
by the input routines into a four digit floating point representation. In order
to be of use in the computations, further scaling and corrections must be
performed.

The following parameters are received as input from magnetic tape:

15




Time

(o=
.

Frequency (Kc, Refractometer No. 1).
Frequency (Kc, Refractometer No. 2).
Frequency (Kc, Refractometer No. 3).
Altitude (radar interval counter).
Event.

Air Speed.

Pressure.

KS4 Temperature.

O O 00 N o~ W b W DN

o—

EK Temperature.

—
—
.

Humidity.

12. Voltage (Refractometer No. 4).

13. Vortex Temperature.

The temperature, air speed and pressure values are in a linear re-
lation with their final floating point representation and are converted by a
linear function (TLIN). The user establishes the conversion functions which

are to be employed. The user also specifies correction constants for these
parameters.

The program applies a further correction to the value of the selected
temperature probe. Suppose Tg is the value of the selected probe, then

T = (Tg + 273. 16)/(1 + ByS)

where
1, if KS4 probe
k = 2, if EK probe

3, if Vortex probe

By is an input parameter = speed corrections for temperature probes

_ SPEED?

s P

T = temperature in ° K and will be used in all computations involving
temperature . '

16




The following corrections are made to the refractivity computations:

F-F
S +a [T (1 +8,9) - To)

AN =575

o = Temperature correction for cavity expressed in N units /°C.
(This correction varies from time to time.)

where o, B, are correction constants supplied by user.

Ty = Surface temperature in ° K.
The '"uncorrected' value for refractivity is then given by:
N = Ng - AN

The "wet' term of N is computed by:

Cg 77. 6P
NweT =C2 N- -7
where C; =1+ 3.585S (Bs supplied by user.)

CQ_

I
r—
s

w0
o
wnn

The vapor pressure e is then:

2
NwgT T
©3.73 x10°

and the final '""corrected' value for refractivity is given by:

P
N¥ = 77.6 = + NygT

4,2 Magnetic Tape Format

The IBM 7094 has seven track tapes and a 36-bit word. The paper
tape has 8-bit characters. The 8-bit characters are packed without any
slack bits . Thus, nine characters are packed in two words. The magnetic
tape contains no information except a representation of the paper tapes.

Within missions, paper tapes are separated by file marks. Missions

are separated by double file marks, and the end of the tape is delineated by
a triple file mark.

17




The tape is set up on IBSYS unit A(1).

The following table gives the legal 8-bit paper tape codes and their
meaning. Any other codes which appear on the paper tape are considered
errors,

Paper Tape
(Octal Representation) Meaning

001 1
002
023
004
025
026
007
010
031
040

O 00 N 00 U b W

o

200 End of Line

4.3 Control Card Parameters

Input to the program consists of groups of parameter cards separated
by cards containing *END%* in columns 1 - 5,

The program will process a part of the input tape according to the
values of a large number of parameters. However, the program contains
default settings for most of the parameters and once a parameter value is
set it continues to have that value until explicitly changed. Thus, generally
each group of cards need only contain values of flight parameters.

Succeeding groups of parameter cards must specify data in the same
order as it is contained on the tape.

18




The format of the parameter cards is:

Column 1 - 6 The name of the parameter.

18 The value of the parameter if the parameter is
floating, integer, or a time.

Column 9

Column 19 - 24 The value of the parameter if the parameter is
alpha-numeric or logical.

Column 25 - 54 Comments

An integer value may be expressed either with a decimal point or else
right adjusted to column 18.

A time parameter must be expressed as an integer HHMMSS (either
with a decimal point or right adjusted to column 18) in which the first two

digits are the hour, the next two the minute, and the last two the second.

A logical parameter must be punched as a "T'" or "F'" in column 19
with columns 20 - 24 blank.

If a card with "*STOP*" in columns 1 - 6 is encountered while reading
parameter cards, the program terminates immediately.

The following is an example:

19




EXAMPLE 6F RAWCON CONTRBL CARDS PAGE

tCATA

PUNCH T
RADIUS 6370999,
KPAR Ce

R 6339971«

A 6331158,
ITPREE 3.

IRSCT 2

CHKFC T
YA Ce

ALPHA Q. V 6 FEB 321967
T4MIN =10

T4MAX  3C.

T4VMIN  41C.
TayMAX 880
EKMIN =10+
EKMAX 33

EKVMIN 100»
EKVMAX 650«

VXMIN =10+
VXMAX 30«

VXVMIN 340>
VXYMAX 820
PMIN 6UC e
P AX 1@500
p“/ Ir\ 11‘.)'
PYMAX 77Q-.

MISID CARQO1 MARCH 651965 KEY WEST
TESTART 063140 MARCH 621969 KEYWEST
TSTAPR 035000 MISSIGN 1

ZCFS1 152 MARCH 621969 KEYWEST
RNM1 355 MARCH 641569 KEYWEST
RFS1 2710 MARCH 66,1969 KEYWEST
RKF1 29443 MARCH 621969 KEYWEST
CPRES la

*END %

MISID CARQO3 MARCH 92,1969

TSTART 103500 MARCH 9,1869

TSTOP 154000+ MARCH 921969

IBFS1 305 MARCH 9,1969

RNM1 382 MARCH 9,1869

RFS1 2511 MARCH S21969

RKP1 2368 CAROO3

CPRES 2

*E\D*

*3TOPx

20



The following is a table of all Mission Parameters and the associated
default settings:

Code Type Default Description
RFS]1 R 1871.0 | Reference Frequency of Refractometer.
RFV1 R 0.0 | Reference Voltage of Voltage Refractometer
RNM1 R 316.0 | Reference Refractivity.
RKP1 R 285.94) Surface Temperature in ° K.
ANDF'1 R 0.0 | Refractivity of Dry Air at Surface.
ANWE'1 R 0.0 | Refractivity of Wet Air at Surface.
ACMRYVP R 0.0 | Height (m) above which Mix-Ratio, Vapor
Pressure, and Refractivity will be
corrected.
CORMR R 0.0 | Correction to Mixing Ratio.
CORVP R 0.0 | Correction to Vapor Pressure.
CORIN R 0.0 | Correction to Refractivity.
ITPROB I 1 Selection of Temperature Probe.
1, select KS4 probe.
If ITPROB = 2, select EK probe.
3, select Vortex probe.
I|IHUM I 0 Selection Between Refractometer and
Humidity Processing.
0, process refractometer
input.
| If IHUM = 1, do not process refracto-
' meter but process humidity
input.
‘IRSCT 1 1 1Selection of Refractometer.
1, use Refractometer No. 1
; 2, use Refractometer No. 2
f =
I,IRSCT 3, use Refractometer No. 3
4, use Voltage Refractometerq




Code Type Default Description
PUNCH L .FALSE. Option for output through Unit.
poNce  TALSE:. oo miputon Uni |
CHKFC L . TRUE. Option to check input line length.
.TRUE., reject lines of in-
H CHEFC = .C;l.:f,;fﬂl.?ngzhﬁot check line
length.
KPAR I 1 Option to process a reading if a parity errotz
is found.
0, do not process reading.
If KPAR = 1, process readings with
parity error”,
BETAI R .0002632 | B, correction for KS4 Temperature.
BETAZ2 R -0.0002106| B, correction for EK Temperature.
BETA3 R -0.0000648| Bas correction for Vortex Tempe ra£ure.
BETA4 R 0.0001316 || B, correction for Refractometer.
BETAS R 0.0000658 | Bscorrection for Refractometer.
ALPHA R -0.75 ecorrection for AN,
RADIUS R 6357000. Radius of Earth,
R R 6354120. Length of Semi-Minor Axis.
A R 6356363. Length of Semi-Major Axis.
FROCS L . TRUE. Selection to Process Data
MPROCS = ;yish’, denet pracess.
DUMP L .FALSE, Selection to dump tape input.
wouMp - TRUS, dump sirerattipuy
ZS R 535.4117 Height of surface above Sea Level.

1. If readings with parity errors are processed, then on the printed output
the reading number is followed by *.
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The following parameters establish the linear conversion functions
for Speed, Pressure, and Temperature input (tape).

Code Type Default Description
P VMIN R 18. Minimum voltage of pressure probe (mv).
PVMAX R 1017. Maximum voltage of pressure probe (mv).
P MIN R 600. Pressure corresponding to PVMIN (mb).
PMAX R 1060. Pressure corresponding to PVMAX (mb).
SVMIN R 691. Minimum voltage of Air Speed probe (mv).
SVMAX R 1060. Maximum voltage of Air Speed probe (mv).
SMIN R 135. Air Speed corresponding to SVMIN (knots).
SMAX R 195. Air Speed corresponding to SVMAX (knots).
T4VMIN R 190. Minimum voltage of KS4 temperature probe.
T4VMAX R 891. Maximum voltage of KS4 temperature probe
T4MIN R -40. Temperature corresponding to T4VMIN.
T4MAX R 35.9 Temperature corresponding to T4VMAX.
EKVMIN R 278. Minimum voltage of EK temperature probe.
EKVMAX R 769. Maximum voltage of EK temperature probe.
EKMIN R -40. Temperature corresponding to EKVMIN.
EKMAX R 35.9 Temperature corresponding to EKVMAX.
VXVMIN R 241. Minimum voltage of Vortex Temperature

probe.
VXVMAX R 1050. Maximum voltage of Vortex temperature
probe.

VXMIN R -40. Temperature corresponding to VXVMIN.

XMAX R 32. | Temperature corresponding to VXVMAX.
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The following flight parameters are those likely to change with each

request.

Code Type Default - Description
MISID A None Mission ID.
TSTART T 0. Flight Start Time.
TSTQP T 235959, Flight Stop Time.
CPRES R 0. Pressure Correction.
CSPEED R 0. Speed Correction.
CKS4T R 0. KS4 Temperature Correction.
CEKT R 0. EK Temperature Correction.
CVXT R 0. Vortex Temperature Correction.
ZQFS1 R 914. Beginning Height.

In addition to these parameters the tape to be processed must be

specified.

This is done through various variables placed in labeled commons.

The following is a list of the tape-description parameters:

Common Variable Description

ZTPDNN NMISS Number of Missions on the Tape.

ZTPDNN NAMES (1) Name (Number) of the ith Physical Mission.

ZTPDNT NTMPER (I) | Number of Time Periods in ith Mission. (New
time period, if off-the-air for more than one
hour.)

ZTPDHL ISPEC (1,1) Start Hour for ith Time Period (0-24).

ISPEC (2,1) Stop Hour for ith Time Period.

ZTPDMP MAPT (J) The Position Number of the jth Input Parameter
of a ""Reading' where Time is input parameter
No. 1, Refractometer 1 is input parameter No.
2, etc. The standard input sequence is the
same as listed in section 2-2.

&NFPL NFPL Number of parameters in a reading.




Every airborne ''reading' consists of a maximum of 13 parameters.
Due to frequent changes in the equipment configuration, these parameters
may appear in a sequence other than the standard format. MAPT (j) allows
the arbitrary ordering of input parameters on the mission tape, since it
provides a mapping to the standard sequence.

4.4 Secondary Output

If parameter PUNCH is true, certain variables are output to
FORTRAN Unit 1. There is one record for each ''reading, ' and at the end
of each flight a tape mark is written.

The record has the following format:

Column 1 - 6 Count which appears on listing.
Column 7 - 13 Height (in meters).

Column 14 - 20 Refractivity (N units).

Column 21 - 27 Refractivity (M units).

Column 28 - 34 Temperature (° C).

Column 35 - 41 Potential Temperature (° C)
Column 42 - 48 Water Vapor Pressure (mb).
Column 49 - 55 Air Pressure (mb).

Column 56 - 62 Mixing Ratio (g/Kg).

\

4.5 Restriction on Indirect Method for the Computation of Refractivity*

RAWCON provides two methods for the computation of refractivity.
The '"direct method" obtains the value of the refractivity directly from a re-
fractometer, while the "indirect method'' arrives at the result from various
atmospheric parameters such as temperature, pressure and humidity.

The formula used in this case is again
- = 5 ¢
N—77.6T +3.73 10 T2

where e must be obtained through the mixing ratio and a vapor pressure
table (EH20).
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Since the currently used humidity probe is functioning in an unreliable
fashion, the humidity input has been set to a constant 100%. Thus, any re-
fractivity results obtained by the "indirect method!' are based on a humidity
parameter of 100%. If, at any future time, it is desired to use the actual
observed value for humidity, a minor modification must be made to the sub-
routine "WET, "

4,6 Structure of RAWCON:*

RAWCON is a collection of individual subroutines, with each sub-
routine serving an integral function. This collection of subprograms separates
into two categories:

1l Reading and pre-processing of input.

2. Computation and output.

4.6.1 Input-Oriented Subroutines

INPUT This routine controls '"line' input. By a 'line' of in-
put we mean one complete set of instantaneous atmo-
spheric readings consisting of time, temperature,

pressure, .....

KHAR This routine reads and interprets characters.

PINTI1 This routine is the mission parameter card interpreter.
RDLINE This routine reads a '"line' of data.

4.6.2 Computation-Oriented Subroutines

REFCOL This subroutine controls all computation-oriented

routines and produces the output.
PAT Routine to compute pressure, air-speed, and temperature.
WET This routine computes refractivity, vapor-pressure and

mixing ratio by the indirect method.

REFCT This routine computes refractivity, vapor-pressure
and mixing ratio by the direct method.

HEIGHT This routine performs the geopotential height computa -
tions.
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The only linkage between the input-oriented routines and the com-
putational routines is in the driver-program AIDA with a call to RAWCON.
The only data link between the two categories is a labelled COMMON with
the name /INPT/.
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SECTION V
PLOT

This program processes meteorological data and produces a plotting
tape for the Stromberg-Carlson 4020. The source of the meteorological
data is either a tape produced by RAWCON or a tape containing radiosonde
data produced by RSONDE. Card input is also used to control what data is
plotted.

For each set of readings specified by control cards two frames are
produced. The first frame contains refractivity. Two lines are plotted, one
in N units and one in M units. The second frame contains three lines
1) Temperature (labeled T); 2) Potential Tempe rature (labeled 8); 3) Vapor
Pressure (labeled E). All these parameters are plotted horizontally with
the vertical axis being height with limits of Om. and 4000 m.

5.1 Operational Procedure Under IBSYS

The tape to be processed must be ''set up' as FORTRAN logic unit 1.
There are two routines named "INPUT'" in the deck. One is used for plotting
RAWCON tapes, the other is used for plotting QUACK tapes. The sub-
routine for plotting RAWCON data has a deckname of "XINPUT'", the one for
the CUACK data has a deckname of "XINRAD!'". Either one of these must be
removed or a $USE IBJOB control card may be used. The format of this
card is either

1 16
$USE XINPUT (INPUT)
$USE XINRAD (INPUT)

The first is used for RAWCON data, the second for RSONDE data.

5.2  Plotting RAWCON Data

The output tape from RAWCON consists of a file for each set of para-
meters processed. Card input to PLOT consists of one card for each set of
data to be plotted. The format of the card is:
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Column Contents

1 - 4 FILE
5- 6 Number of the file (must be between 1 and 20 with a
leading 0 if it is less than 10).
9 - 13 First reading to be plotted (right adjusted number).
14 - 18 Last reading to be plotted (right adjusted number).
20 - 49 Any characters; it is used as a title

The '"'reading'' numbers referred to are the numbers printed in the
column headed "READINGS'" by RAWCON.

Successive cards must be increasing, i.e., either specify a higher
file number or have a first reading number greater than the last reading on
the previous card. ‘

Processing is terminated by a card with *STOP* in columns 1 - 6.

5.3 Plotting QUACK Data

The output tape from QUACK is mounted on FORTRAN Unit 1. The
program selects only certain stations and days for plotting. These are
specified by input cards.

The stations are specified on a group of cards with the following
format: 12 fields of 6 characters each. The first field contains the number
of stations, succeeding fields contain the station numbers. All fields are
right adjusted, blank filled. As many cards as required are read.

The days to be plotted are specified in a manner similar to the above.
The first field contains the number of days and the succeeding fields contain

the day numbers.

Plot Format

The plot format is controlled by various labeled commons. There are
two BLOCK DATA programs included in the current deck to initialize these
parameters. XBLK produces two frames for each profile, each frame being
approximately 6'" x 8'". SMLBLK provides alternate values for some of the
parameters which result in one frame for each profile with two plots on the
frame, each plot approximately 3'" x 4'.

30




SECTION VI
TRACE

TRACE is a ''ray tracing' program. It can be used to follow the propa-
gation of radio waves through a changing atmosphere. The calculations are
based on Snell's law and do not take into account diffraction, scattering, or
interference.

Input to the program consists of atmospheric profiles, and control
cards. The program will accept multiple profiles and interpolate between
them. All profiles must be in the path of the ray being traced; no cross-path
interpolation is performed, The on-path interpolation is not linear and the
user (see *PROF card) has considerable influence over how it is done.

The control cards allow the user to trace groups of rays at various
heights, ranges, and elevation angles. A ray is always reflected from the
surface and the user may specify reflection from an elevated '"level' as well.

Both printed output and a plotting tape (for a Stromberg-Carlson 4020)
can be produced by the program. Printed output consists of a summary of

control information, and (as an option) detailed descriptions of each ray's path.

6.1 Input Format

All control cards have the following format:

Column 1 *
Column 2 - 10 Function
Column 11 - 80 Seven parameters in fields of 10 columns.

Parameter 1 in Column 11 - 20,
Parameter 2 in Column 21 - 30, etc.

""Function' is an alphabetic code to tell what kind of card this is. The
parameters are numeric. They may appear anywhere in the appropriate field
but a decimal point must be present, even for integer values (e.g., RAY-
COUNT). Not all functions use all parameters. There are two other types
of cards, the cards which describe the atmosphere (see ¥*PROF card) and
the title card (see *TRACE card). The following conventions hold for the
units on control cards: Height is always expressed in meters, range in kilo-
meters and elevation in radians. However, when the program prints a range
without indicating the units, it is in meters.
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Many control cards turn ""options' on or off. All options are off at the
start of processing and are only changed by control cards.

6.2 Control Cards

*PRINT
Parameters: None
Function: Turns on the printing option.

When this option is on, detailed descriptions of the path of each ray
are printed.

*NOP RINT
Parameters: None
Function: Turns off the printing option.

When this option is off only summaries are printed for each ray.

*STOP
Parameters: None
Function: Terminates processing.
*PATH
Parameters: None
Function: Resets the program and prepares it to accept profiles
for a new path.
It must appear before any *PROF cards.
*PROF

Parameters: RANGE
Function: Marks the beginning of a profile.

The cards immediately following it describe the atmosphere at the
indicated RANGE. The range must be larger than the range of any
previous profiles in the same path, (i.e., between *PATH cards the
ranges must increase). When the program encounters this card it
reads profile description cards until a *PEND card is read. A pro-
file description card has the following format:
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Column 1 - 6 Either blank or contains "*LEVEL"
Column 11 - 20 Height
Column 21 - 30 Refractivity in N units at that height.

Within a profile the heights on successive profile cards must be in-
creasing, except that successive cards with identical height and refractivity
are allowed. (This allows two levels to appear at the same height.) The
profiles of any path may have varying numbers of profile description cards
but must all have the same number of *LEVEL cards.

The *LEVEL cards are used to describe the interpolation. Basically,
the program divides the atmosphere into blocks bounded in range by the range
of the various profiles and in height by lines connecting corresponding levels.
See the section on interpolation for a more detailed description.

The program always constructs a level for the first and last height of
a profile; if these heights are specified with *LEVEL cards, there will be
multiple levels at these heights. This situation will be properly treated by
the program. '

*PEND

Function: Terminates the reading of profile description cards.

*TRACE

Parameters: START-RANGE, START-HEIGHT, START-ELEVATION,
STOP-RANGE, RAY-COUNT, BUMP -VARIABLE,
DELTA

Function: Initiate tracing of rays.

The number of rays which this card causes to be traced is given by
RAY-COUNT. (If RAY-COUNT is 0, one ray is traced.) The first
ray has a start height, range and elevation as given by the first three
parameters. The start conditions of the other rays are determined
by BUMP -VARIABLE and DELTA. For each succeeding ray, DELTA
is added to the start range, height, or elevation depending on whether
BUMP -VARIABLE is 1, 2, or 3, respectively. Tracing continues
with reflections from the surface (if the surface is included in the in-
put profiles). A ray is stopped when its range exceeds STOP -RANGE
or its height leaves the range in which the atmosphere is specified.
The card immediately following the *TRACE card is a title card.
Columns 1 - 30 of the title card are used as a title in various places
of the output.
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Parameters: START-RANGE, FRAME-RANGE, BOTTOM-HEIGHT,
TOP-HEIGHT, DENSITY, GRID

Function: Turns on the plotting option.

No plotting occurs when it is read. Rather, when a *TRACE card is
processed all rays traced will be plotted together. Rays from multiple
*TRACE cards may be plotted together using *HOLD and *ENDHOLD
cards. The parameters establish the scale and grid for the plots. If
they are omitted, reasonable values are used. More than one frame
may be used to plot a set of rays if the range of the rays require it.
FRAME -RANGE is the range (in Km) covered by each frame. Rays
are plotted only when their height is greater than BOTTOM-HEIGHT,
and less than TOP-HEIGHT, and their range is greater than START -
RANGE. GRID determines how tall the plots are. It must be between
0 and 950. The plots are taller when it is larger. DENSITY indirectly
determines the number of grid lines. It must be between 8 and GRID.
There are fewer grid lines when it is larger.

*NOPLOT

Parameters: None

Function: Turns off the plotting option.

*DELHT

Parameters: HEIGHT-INCREMENT

Function: Specifies a maximum height difference between suc-
ceeding points in the trace.

(Under various circumstances the difference will be less than HEIGHT -
INCREMENT, but it will never be more.) This value holds for all
succeeding traces until another *DELHT card is encountered. Before
a *DELHT card is encountered the maximum difference is 20 meters.
For a detailed description of how the next point is chosen in the
iteration see the section ''Step Size."

*REFLECT

Parameters: LEVEL, STOP-ATTENUATION, FREQ

Function: Turns on the reflection option.
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Rays will be reflected from the level numbered LEVEL. (Note:

Since the program automatically adds a level at the first input height
the number of the first *)LEVEL card is level 2.) At reflection, from
the surface or the level, an attenuation is computed. When the
strength of the ray falls below STOP-ATTENUATION tracing for that
ray stops (STOP=ATTENUATION is given in dB. It may be given as
positive or negative. Its absolute value is used.). FREQ is the
frequency in MHz to be used in computing the attenuation. If either
STOP-ATTENUATION or FREQ is omitted reasonable values are used.

*NOREFLECT
Parameters: None

Function: Turns off the reflection option.

*HOLD
Parameters: None
Function: Delimits start of rays to be collected.

Normally the rays of a single *TRACE card are plotted together.
When a *HOLD card is encountered the plotting is suspended but all
rays are accumulated.

*HOLDEND
Parameters: None
Function: Delimits end of rays to be collected.
When this card is read all the rays which have been traced since the

last *HOLD card are plotted together.

6.3 Interpolation

The interpolation algorithm was motivated by the following considera-
tion: The atmosphere must be modeled in a manner which allows perturba-
tions, such as a layer, to move up and down while the basic profile remains
the same. As part of the input profile the user specifies heights which are
to be used as levels. The program constructs blocks of the atmosphere
bounded by the ranges of the profiles and lines connecting corresponding levels.
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To determine the refractivity of an arbitrary point (H, r) the process
is as follows:

k. Determine the block in which the point lies.

h -
2, Calculate its '"relative height'" within the block hy = }—1-———1;;11
t - b

where ht, hy are the heights of the top and bottom of the block,
respectively, at range r.

3. Determine, at the ranges bounding the block, the refractivity
at relative height, h,.. These heights are labeled h, and hy in
the diagram. This is done by linear interpolation between
points on the input profiles.

4. The refractivity is calculated by a linear interpolation along
the line of relative height h,, (i.e., the line connecting h,
and hg)
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6.4 Step Size

The formulas used for each step of the ray are based on an integral

over height.

If the current height is h, the next height is determined in the

following procedure.

e

Add to h either +DELHT or -DELHT depending on whether the
ray is going up or down. Set h’to this height.

On the last iteration the ''limits of linearity' were determined
as a by-product of the calculation of refractivity. These
limits are the heights, at the last range, between which the
interpolation model (as described in Section 6. 3) gives a
linear atmosphere. If either of these heights is between h
and '/, seth’to it.

If the difference between h and h’ is less than one meter, make
it one meter.

If the ray path has a turning point between h and h’, set h'to
the height at which the elevation is 0 and change the direction
of the ray. The final value of h' is the next height.

6.5 Equations

The formulas used in the iterative process are due to Colin Gardner.
Their derivation, as summarized here, is contained in Pacific Missile Range,
Technical Note 3280-6, '"Determination of Elevation and Slant Range Errors
due to Atmospheric Refraction. "

The following is a summary of the derivations.

Notation.

B is the elevation angle.

0 is the earth central angle.
H is height.

N is refractive index.

We assume Snell's law for a spherical earth.
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APPENDIX 1

COMPUTER PROGRAM LISTINGS




This Appendix contains listings of all the programs described in
this report. They do not include the assembly language plotting routines.
These are the standard routines written by North American Aviation, and
available from Stromberg-Carlson.

In order to accommodate the method of reproduction some cards in
these programs are split into two lines. It is always obvious when this has
been done.
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A7095

BEGIN

PINT1

INPUT
PARAMETERS

POUT 1

PRINT
PARAMETERS

INPUT |

POSITION
TAPE

END OF
MISSION OR
FLIGHT

CONVERT

CONSTRUCT
OuUTPUT

T HEIGHT

COMPUTE
HEIGHT

I REFCT

COMPUTE
DRY TERM

] WET

COMPUTE
REFRACTIVITY

T PAT

READINGS

COMPUTE
PRESSURE AIR
SPEED
TEMPERATURE

BROAD FLOW CHART OF RAWCON
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A7096

START

PLINIT
INITIALIZE

9

PROGRAM

lGETCRD

READ PROFILES
AND CONTROL
INFORMATION

l GETRAY

OUTRAY

END OF RAY
OUTPUT

TRY TO GET
A NEW RAY

IS THERE
ANOTHER RAY

Y
OUTPOS

OUTPUT
CURRENT

OUTALL

END OF
TRACE OUTPUT

PRIMARILY
PLOT

POSITION

lBUMP

ITERATE
TO NEXT
POSITION

OVERALL PROGRAM LOGIC OF TRACE
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AT097

GET NEXT

HEIGHT
CHANGE
Y DIRECTION
AND HEIGHT
" l
T HEIGHT CHANGE
FOR LAYER ° DIRECTION
REFLECTION AND HEIGHT
N <
COMPUTE
COSINE
OF NEW
ELEVATION
COMPUTE
Y HEIGHT OF

TURNING POINT

ADD CONSTANT
TO OLD RANGE
TO GET NEW

COMPUTE

NEW RANGE FOLLOWING

RETURN

USE SLOWER BUT
EQUIVALENT
EQUATION FOR
NEW RANGE

SUBROUTINE BUMP IN TRACE
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PAPTOMAG PAGE

AJ8B
AREWIND BO«
AMETAB920 SI,BB,LEB,CONCLSET

EXTEND
. RBRG G200

CHARL EQU 36%254/8
SPACELIM EQU 8

BRU ENDPT FBR BPERATOR T8 BRU T8,
BEGIN  RES 0

CLA

STA RECCNT

BRM QUEST

PZE PESMES

BRU STRTPT

b 3

THIS PBSITIONING EFFBRT IS DIRECTED.
TOWARD FINDING A TRIPLE EBFs AND
POSITIBNING THE TAPE

+*

* BETWEEN THE SECBND AND THIRD EBFS.
* IT IS MBRE ELABBRATE THAN SEFMS NECCESSARY
* PRPBLEMS WITH THE TAPE UNITS.
*
SKIPFILE BRM TAPEWAILT
SF1 BRM TESTFWD
BRU T+?
BRU SF1 NOGT AN EGF.
BRM TESTFWD
BRUY $+2 2ND EGF .
BRU 8k
BRM TESTFWD
BRU $+2 3RD EOF<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>